where ~b'), K\') and K$"), K:") are the isoscalar and isovector
Introduction
The spin and spin-isospin components of the effective forces in nuclei and the relevant nuclear properties are intensively studied at present (see, for instance, [ l ] ) . The attenuation is mainly paid t o magnetic and charge-exchange resonances and the low-lying excitations. However, according t o the selection rules, the spin forces should influence the properties of electric nuclear excitations too. This problem is less studied, though it is known that the influence of the spin forces on the properties of Eh-states causes interesting phenomena. For instance, the so-called transversal E 1 resonance has been observed in the inelastic electron scattering in [2] . This resonance is due t o the spin-hipole component of the effective forces [3] . The calculations of Eramzhyan and Goncharova [4] indicate a possible existence of the transversal E l resonance in heavier nuclei, 58360Ni, too.
In the present paper we study the properties and the possibility t o reveal experimentally the transversal E l resonance in medium and heavy nuclei. As is known, in these nuclei the properties of high-lying collective excitations are strongly influenced by the interaction with two-phonon (or 2p-2h) configurations. To take this interaction into account, we used the quasiparticle-phonon nuclear model (QPM).
Effective interaction
The basic assumptions of the QPM are expounded in papers [5-71. The model Hamiltonian contains the single-particle potentials for neutrons and protons, pairing forces and separable multipole and spin-multipole forces (isoscalar and isovector). The structure of electric states with momentum and parity n = (-1)' are determined by the following components of effective forces:
constants of multipole and spin-multipole forces. In our calculations the radial form factor f ( r ) is chosen as a derivative of the central part of the Saxon-Woods potential U : f ( r ) = NJjar.
The Hamiltonian parameters are determined from the experimental data on the low-lying collective states and giant resonances o f doubly even nuclei. Since in this paper the electric dipole excitations are investigated, we shall dwell upon the choice of the constants K~,~ and K ; : : ) only.
The constants of separable dipole forces K,$ are determined by the experimental energy of the giant dipole resonance and under the condition that the energy of the spurious 1-state vanishes. We have no unambiguous experimental indications for the choice of the ~i f : ) constants. One can use the experimental data on the M2 resonance, since its properties are also determined by the spin-dipole effective interaction. Under the assumption that the constants ~(0fiL) are the same for all h and L (for f ( r ) = aU/ar this assumption is satisfactory at least for small h and L ) , one can choose the values of K~ and K~ so that the data on the energies of M1 and M2 resonances and excitation probabilities of M2 resonance in different nuclei [8, 91 will be described satisfactorily, Almost the same results for magnetic resonances were obtained with a radial form factor of the separable forces f ( r ) = r h [lo-131. The detailed comparison of these two types of calculations has been made in [6] . Since the isoscalar spin-dipole interaction slightly influences the integral characteristics of excitations studied, we d o not take into consideration this interaction. Under this suggestion the constant I K ?~)~ is 1.5-2 times as large as the constant of isovector dipole forces I~(11)l. 
A-p hi \ko is the phonon vacuum or the ground state wave function of a doubly even nucleus. The structure of one-phonon 1--states generated b y the effective interaction (1) has been investigated in [14] in detail. Their energies are determined from the condition of equality to zero of the fourth order determinant (if K!) = 0, the determinant is of the third order). Several one-phonon 1--states have a collective structure. Some o f them at the energy E , = 12-17MeV. This is a well-known giant dipole resonance (GDR). The position of the GDR is deterv(r1'r2) = E , = 40MeV, e = 100"; (b) E , = 60MeV, e = 100'; (c) E , = 80MeV, dipole interaction slightly influences its properties changing somewhat B(E1)-distribution over resonance states. A similar result has been obtained earlier in the theory of finite Fermisystems [15] . Besides GDR-states in all the nuclei studied a strongly collectivized 1--state appears at higher excitation energy, The maximal contribution of the two-quasiparticle component to its structure does not exceed 25-30%, and its B(E1)-value is less by an order of magnitude than of the GDRstates. The energy of this state decreases with increasing A from E, = 24.5 MeV in "Ni* up to E, = 19.4MeV in 20sPb. Thus, the pattern of the El-strength distribution in the spectrum of a doubly-even nucleus is similar to that shown in Fig. l(a) .
The high-lying collective E l -state appears entirely due to the isovector spin-dipole force. Its structure is formed by the spin-flip single-particle transitions, and when the spindipole interaction vanishes (~(1") + 0) it disappears as if "breaking up" into several two-quasiparticle states. At the same time the isovector dipole constant KI') slightly influences its properties.
Thus, the isovector spin-dipole interaction may cause the appearance among the E 1 -excitations of a collective excitation of a new type formed by spin-flip single-particle transitions. The new collective state is by 5-7MeV higher than the GDR. Both the collective isovector dipole and isovector spin-dipole states are weakly coupled with each other. These properties of dipole and spin-dipole excitations of doubly even nuclei -* The energy of the spin-flip El-state in 58Ni has been predicted t o be equal to 26 MeV in [4] . Note, other effective forces and single-particle spectra have been used. 
Excitation of the spin-flip El resonance in the inelastic
The collective spin-flip E l state has a small B(E1)-value, and from this point of view it is not a resonance state like the E l states forming the GDR. Its resonance properties manifest themselves under certain conditions in the inelastic electron scattering. In light nuclei the spin-flip El mode dominates in the (e, e') scattering cross section at the values of the momentum transferred 4 -0.5 fm-' [3] . Therefore, we shall consider (by the example of 58Ni) the excitation of one-phonon El-states in the (e, e')-scattering* at 4 = 0.0-0.8 fm-' . As a function of the scattering angle 0 , this cross section for three one-phonon states with maximal B(E1) (see Fig. l(a) ) and spin-fhp collective E l state is shown in Fig. 2(a) . The behaviour of excitation cross sections of well-known resonance E l states differs from that of the spin-flip E l state. This is due to essential differences between charge and current transition densities of the relevant excitations. As is known, the charge density of the GDR has a pronounced peak on the nuclear surface. The charge transition density of the spin-flip E l state p l ( r ) is conc'entrated inside the nucleus (see Fig. 3 ). It is considerably less than the current transition densities p l o ( r ) and plz(r)* determining the behaviour electron scattering -* The calculations are performed within the DWBA.
* As concerns the definitions of transition densities, we follow paper
of IF,C-(q) 1 ' cause an essentially different mechanism of the excitation of the spin-flip state comparing to the GDR-states.
The excitation of the latter up to the angles 6 -150" i s , -plZ This is the reason for such a small B(E1)-value of the spin-flip E lstate. 
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Due to the dominant role of the transversal form factor in the excitation of the spin-flip state, it can be recognized as the transversal E l resonance ( E l T resonance). This term will be used in what follows.
A detailed picture of the excitation probability in the (e, e')-scattering of one-phonon 1-states in 58Ni is given in Fig. 1 . The excitation cross sections are shown for two scattering angles B = loo", 160" and for three electron energy values Eo = 40, 60, 80 MeV, that corresponds to the momenta transferred 0.25 fm-' < q < 0.7 fm-' . Under the choice of 0 we have been guided by the following reasons: at B = 100" the factor VL(0), which vanishes at B = 180°, has not yet suppressed the contribution of the Coulomb form factor to the cross section and the GDR excitation cross section has the same order of magnitude as El,-resonance; at 0 = 160" the values of q correspond to the maximum of F y -( q ) already at small Eo. For the smallest value of q (Fig. l(a) ) the distribution of (do/ dS2),i over the nuclear spectrum is almost identical with the distribution of B(E1, Og's. + 1;) (this is the reason why this figure has been pointed out in Section 3 in discussing the structure of one-phonon 1-states). In this figure we can clearly see only one resonance region: the region of the GDR (14 <E, < 19MeV). With increasing q (see Fig. l(b) or l(d) ) the values (do/dS2),-decrease, but among many one-phonon 1--states there appears an intensively excited state at E, = 24.5 MeV. This is just the El,-resonance. With further increasing 4 the excitation cross section of the E 1,-resonance increases whereas the excitation cross sections of other one-phonon 1-states continue to decrease. At q = 0.5-0.7 fm-' (Fig. l(e) and (f)) the transversal E l resonance dominates in the cross section.
The same pattern is seen in other nuclei too (we have investigated 90Zr, lZ4Te and '08Pb). We should like to note the following. At B -160" and Eo = 50-80MeV the El, resonance is excited more intensively than other 1-states and also than the states with other momenta and parities. This is revealed by our calculations in 90Zr.
Thus, the RPA calculations show that the transversal El,-resonance may exist in medium and heavy spherical doubly even nuclei as in light nuclei. Its excitation energy varies from 19 to 25 MeV (depending on A ) . This is a strongly collectivized state, the structure of which is contributed by many particlehole components corresponding to the spin-flip transitions. It is most appropriate to search for this state experimentally at q = 0.5 + 0.7 fm-', that corresponds to the first maximum of the cross section.
. Quasiparticle-phonon interaction and strength function method
As is known, at large excitation energies the key part belongs to the interaction of one-phonon states with more complex ones, with two-phonon states in the first place. This interaction may drastically change the RPA-results for the distribution of the excitation probability over the nuclear spectrum.
In the QPM the coupling of one-and two-phonon states is caused by the quasiparticle-phonon interaction [ 71 r(jljz; Xi) depends on the structure of phonon Ani, reduced matrix element Cjl IlaU/arlljz) and the Bogolubov coefficients [ 7 , 18, 191 Corrections to this approximation in the magic and semimagic nuclei, where 21 states are not very colletive, are small To calculate the electroexcitation cross sections of 1-states eq. ( 5 ) we have used the strength function method, suggested in [21] and widely used at present (see [7, 191 and therein) .
The strength function method for the electroexcitation cross sections is expounded in detail in [ l l , 221 . We used a standard definition of the strength function:
where T ? J~ is the energy and (da/dS2), is the electroexcitation cross section of the state eq. (5), A is the parameter. Summation in eq. (7) is performed over all the states eq. ( 5 ) with J n = 1-. Of all possible two-phonon components, allowed by the Pauli principle, we conserved 1000 components with maximal matrix elements L$$:,(lT). The values *:f,(lJ for the rejected components were more than 100 times as small as the maximal value of *l i :
(1:). The matrix elements and strength functions b(daldS2, E,) have been calculated by amended version of the GIRES program [23] . However, the terms -+p and p2 in eq. (6) were not taken into account, as always + > p , and for the one-phonon states with an excitation energy of several MeV $ 9 cp. It has been tested that large matrix elements U;$(&) change slightly. In the first sum of eq. (5) both the one-phonon GDR-states and the El, resonance were included. The value of A was taken to be equal t o 0.5 MeV.
We proceed with the discussion of the results for "Ni (Fig.  4) . The strength function of the electroexcitation cross section eq. (7) in this nucleus has been calculated for three values of q : E = 40MeV, 8 = loo", 160"; Eo = 60MeV, 8 = 160". The relevant RPA-results are shown in Fig. l(a) , (d) and (e). As has already been mentioned while discussing the RPA calculations in Section 4 , at Eo = 40 MeV and 8 = 100" the E~T resonance is excited weakly. Therefore, one can clearly see only one resonance in Fig. 4(a) , this is the GDR (13 <E, < 17 MeV).
The influence of the interaction with two-phonon configurations on this resonance has been discussed many times [ 1 8 , 2 4 ] and we shall not dwell upon this problem. At larger values of 4 the RPA calculations predicted the appearance of a new resonance, El,, in the (e, e')-scattering cross section (Fig. l(d) ). However, the strength function b ( d u / d a , E,) in Fig. 4(b) has n o any resonance structure at relevant excitation energies. T h s means that the one-phonon E l , state spread over many states of the type eq. (5). An excitation probability for each this state is very small. The total excitation probability of the ElT-state is distributed over the energy interval AE, =Z 1 0 MeV. Since the excitation cross section of the GDR decreases with further increasing q , the strength function in Fig. 4(b) has no any pronounced resonance structures and the cross section is flat, These results contradict those of [4] , where the interaction of the El, resonance with more complex states in "Ni has been studied too. In these calculations the excitation probability of the E l T resonance decreases only three times and the pronounced resonance structure at E, = 26MeV has been preserved. Our calculations show its complete disappearance. The reason for different results lies, as we have already mentioned [I 11 , in a very small number of phonon excitations, the interaction with which has been taken into account in [4] . Therefore, the interaction strength of the El, resonance with twophonon configurations has been underestimated in [4] .
The results for 58Ni are typical. They are equally valid
Physica Scripta 30 for "Zr ( Fig. 5) . At values of q when the giant dipole resonance and E1T resonance should be excited with almost the same intensity, the strength function b ( d o / d a , E,) has only one pronounced maximum ( Fig. S(a) ). This maximum corresponds t o the GDR. At values of q , when the GDR form factor has minimum, in the (e, e')-scattering cross section with excitation of 1-states there are no any clearly seen resonance structures ( Fig. 5(b) ). In conclusion we shall consider the results of calculations for ' O' Pb. In this nucleus the interaction of one-and twophonon states, calculated within the QPM, is relatively weak [25] . However, the density of 2p-2h states at E, -20MeV is very large and in the one-phonon part of the wave function eq. (5) one should take into account a large number of onephonon 1 -states. The computational difficulties forced us t o include in the wave function eq. (5) only the El, resonance. The giant E l resonance and E l T resonance are slightly coupled with each other. Due t o the interaction with two-phonon states their fragmentation proceeds almost independently, that has been tested by us in lighter nuclei. Therefore, an error due to the aforementioned approximation is not large. When in the wave function eq. (5) there is only one one-phonon component, the excitation cross section of this state is proportional t o R;( 1-) and
Therefore in Fig. 6 we have depicted the strength function b ( R 2 , E,). It is seen that in 208Pb the interaction of the E l Tresonance with two-phonon states results in its very strong spreading. The excitation probability at maximum decreases several times and becomes comparable with excitation probabilities of other states. Note, that Fig. 6 is an exciting illustration of how the spreading width of the resonance I'l arises due t o the interaction with complex configurations. The strength of the only one-phonon ElT-state is distributed over many levels in the interval AE, -5 MeV.
Conclusion
So, our answer t o the question whether the transversal E lresonance does exist in nuclei withA > 50 is negative.
Of course, we used a rather schematic effective interaction, References R *08Pb the parameters of which are not reliably defined in the spin channel. However, it should be noted that the variations of the parameters within rather a large range do not change conclusions made in Sections 3 and 4. The spin-dipole interaction being reduced 2-3 times, the collective ElT-state does not disappear, only its energy decreases by 1-2MeV. We did not take into account the isoscalar spin-dipole force. There are reasons to believe that it is small [26] . But for ~6 '~) -~( 1 '~) as well the basic results of the RPA-calculations are valid. Of course, the separable form of the interaction and its independence of momentum transferred, put the question of a real existence of the collective ElT-State. For example, according to the results of Speth et al. [27] the 71-and pexchange leads to such a strong effective attenuation of the spin force that the existence of collective spin excitation in heavy nuclei is hardly probable. We want t o stress only that the existence of the E1T-resonance fQllows from the RPA-calculations with different effective "-forces. Apart from [4] we should like to mention recent results of Dumitrescu and Suzuki [28] with the SG-I1 forces.
Our main result, however, consists in that the EIT-resonance disappears due to the coupling with two-phonon states, rather than in the proof of its existence. So, the experimental observation of the ElT-resonance in heavy nuclei is hardly probable.. One may imagine as resonances wide structures at E, -19 MeV in z08k'b and E, -23 MeV in "Zr, but to separate them from the experimental background will be a highly difficult problem. In the only experiment we are aware of where the region of E, -20 MeV in ' OSPb has been investigated in the backward (e, e')-scattering, no pronounced resonance structures have been observed [29] .
It should be noted that a complete breakup of the El,-resonance due to the interaction with two-phonon states is not the only case, the same result has been obtained for the highlying M2-mode [ l o , 111. A strong fragmentation of the Gamow-Teller resonance has been demonstrated by Bertsch and Hamamoto [30] . But the coupling of the high-lying M1-resonance with two-phonon states is not so strong [22] .
